1. Introduction
===============

In recent decades, the prevalence and incidence pattern of diseases has changed from infectious diseases to chronic diseases ([@b1-epj-09-4207]). Diabetes is one of the most common chronic diseases that is now widely spread around the world and day by day the number of patients is increasing ([@b2-epj-09-4207]). Diabetes is one of the most important non-infectious diseases around the world. Due to increased life expectancy, urbanization, an increase in the prevalence of obesity and overall changes in people's lifestyle, the prevalence of diabetes is increasing steadily ([@b3-epj-09-4207]). Genetic predisposition, family history of diabetes, environmental factors, physical inactivity, poor nutrition, and obesity are risk factors for diabetes ([@b4-epj-09-4207]). Different lifestyles such as physical activity rate and diet vary between the different regions and ethnic groups living in those regions, and exert an influence on the pattern of type 2 diabetes. It seems that environmental changes related to urbanization and lifestyle have played an important role in the epidemic of type 2 diabetes in the world ([@b5-epj-09-4207]). Several studies have been accomplished in Iran and the world about the prevalence and risk factors of type 2 diabetes that shows that researchers and officials need to have a clear image about the condition of type 2 diabetes in society ([@b6-epj-09-4207]). Estimates show that in 2000, 171 million people had diabetes worldwide and this number will reach 366 million by 2030 ([@b6-epj-09-4207]). According to the World Health Organization, the prevalence of diabetes in Iran in 1990, 1995 and 2015, were 5.5%, 7.5% and 8.6% respectively and according to this estimation, the population of our country in the mentioned years will be 1,692,000, 1,977,000 and 5,125,000 ([@b7-epj-09-4207]). Today, diabetes not only in Iran but also throughout the world is increasing so that now there are 300 million people with diabetes worldwide ([@b8-epj-09-4207]). An important fact to remember is that non-pharmaceutical treatment strategies are as effective as pharmaceuticals in a diabetic patient's treatment and prevention of disease complications. Teaching proper nutrition intake and regular physical activity are the basis of non-pharmaceutical treatment ([@b9-epj-09-4207]). Following regimen and lifestyle changes are very important factors to control the disease in type 2 diabetic patients. But it should be noted that it is very difficult to meet this goal and it requires the use of multilateral interventions and partnership between various departments ([@b10-epj-09-4207]--[@b11-epj-09-4207]). Due to the long-term and chronic nature of diabetes and limitations in healthcare systems, patients are responsible for a large part of the process of controlling the disease. Self-care has always been noteworthy throughout history in all societies and it is defined as provided care by the patient and his family. Regarding the limitations of the healthcare system, the history of self-care programs date back to 1960s and 70s ([@b12-epj-09-4207]). Diabetics are always advised to follow self-care programs to control blood sugar and ultimately to protect and promote their health. Self-care programs entail following a special regimen, including sports activities, and intermittent periodic checkups to diagnose diabetes complications early on, blood sugar monitoring, daily intake of prescribed medication as instructed and some other changes in lifestyle ([@b13-epj-09-4207]). One of the biggest challenges in healthcare systems is non-adherence of regimen and self-care behavior which imposes significant costs to the patient's care system. Age, sex, education, psychological characteristics, knowledge, attitude, skills, self-efficacy, and empowerment are individual factors which can impact on adherence to self-care programs in patients with type 2 diabetes ([@b14-epj-09-4207]). Therefore, health education and training programs play an important role to help diabetics follow self-care programs and a healthy lifestyle, because the purpose of health education and promotion is to create awareness and to promote attitudes, skills and self-efficacy of individuals in order to have a healthy lifestyle. Basically, without a plan, health education and promotion efforts will be ineffective ([@b15-epj-09-4207]--[@b16-epj-09-4207]). Education can help patients to control type 2 diabetes in a way that education has an influence on nutritional patterns and type of physical activity and their daily life, so undoubtedly training is a fundamental part in controlling the disease, but it should be an ongoing process throughout life ([@b17-epj-09-4207]). According to the above, this study aimed to determine the impact of educational intervention on physical activity, nutritional patterns and laboratory parameters in patients with type 2 diabetes who referred to Niknejad health center in Shahr-e-Rey in 2015 ( Niknejad health center was selected because of the high number of patients covered, and easier access to patients).

2. Material and Methods
=======================

This semi-experimental study was a before and after study to determine the impact of an educational intervention on physical activity, nutritional patterns and laboratory parameters in patients with type 2 diabetes, who referred to Niknejad health center in Shahr-e-Rey in 2015. The statistical population of this study was people (about 2000 patients) who had diabetes type 2, covered by Niknejad health center in 2015. Inclusion criteria for the study consisted of informed consent for the study and lack of severe complications of diabetes. Exclusion criteria consisted of the occurrence of an adverse event or any of the complications of diabetes for one during the study which prevents the person from participating in the study and disinclination of one to continue participating in the study. According to the formula, the sample size with the power of 80% and confidence level of 95% was estimated to be 140. The samples were selected with a simple random group of patients who had their medical record in Niknejad health center. We called them and invited them to participate in the study. Among 140 patients, 100 patients volunteered to participate in the study. The data collection tool was a questionnaire including demographic questions (Age, sex, occupation, income), questions assessing a patient's nutritional status, physical activity, history of diabetes, physical measurements (height, weight, BMI, waist circumference) and laboratory parameters (fasting blood sugar and glycated hemoglobin level in the blood). To assess fruit and vegetable intake, first, we asked the number of days of fruit and vegetable intake in a typical week, and then the mean intake in one of the days of that week. In this study, the physical activity with moderate intensity is the kind of activity that is at least 10 minutes long, is continuous, and requires a slight increase in breathing and heart rate ([@b18-epj-09-4207]), such as fast walking, riding a bike (recreational and slow), swimming, badminton and recreational rowing. In this study, the physical activity with high intensity is the kind of activity that is at least 10 minutes long, is continuous and requires a severe increase in breathing and heart rate ([@b18-epj-09-4207]), such as running, weightlifting, martial arts, basketball, soccer, volleyball, rapid cycling, skiing, tennis and fast rowing. In order to assess laboratory parameters (fasting blood sugar and glycated hemoglobin), before and 3 months after the educational intervention, we invited a lab technician to bleed and analyze blood samples of patients. The questionnaire reliability was 81% and there was test-retest method on 20 patients within two weeks. The questionnaire validity was measured by using the content validity and reliable books and sources, and with the help of clear-sighted experts. Before the educational intervention, data were collected and then educational intervention was done in 4 groups of 25 members in Diabetes Education Classes over a four-week period )four educational sessions, 45--60 minutes for each session) in forms of lecture, Q&A, group discussion, power point program, and posters and pamphlets in the health center. Educational content was prepared based on the book "Non-infectious Diseases; Care and country program for prevention and control of diabetes" which is available in all health centers and the country's health-networks. At the end of each session, educational content was also given to the patients in the form of pamphlets and posters. Three months after the educational intervention, patients were evaluated again and gathered data were compared for before and three months after the educational intervention. Data were analyzed using SPSS version 16 (SPSS Inc., Chicago, Illinois, USA) and descriptive and analytical tests (paired-samples t-test) and the results were significant at the level of (p\<0.05).

3. Results
==========

In this study, 100 people were studied and the response was 100 percent. The mean age of participants was 56±9.8 and the mean monthly income was 530±1.9 thousand Tomans, 33% of patients were male. In this study, the occupation of most patients (64%) had been reported as housekeeper ([Table 1](#t1-epj-09-4207){ref-type="table"}). In the present study, the mean weight of participants, before and after the educational intervention was 74±1.27 kg and 73.35±1.2 kg respectively. Based on the results of the paired-samples t-test, this difference was not statistically significant. The mean waist circumference of participants, before and after the educational intervention was 96.16±9.18 cm and 95.68±8.71 cm respectively and it was not statistically significant, based on the results of the paired-samples t-test. Also, the body mass index of participants, before and after the educational intervention was 28.82±4.43 kg.m^2^ and 28.57±4.19 kg.m^2^ respectively and it was not statistically significant based on the results of the paired-samples t-test. In the present study, the mean benchmark of participants' fasting blood sugar before and after the educational intervention was 169.26±59.21 mg. dl and 146.96±46.02 mg. dl respectively, and it was statistically significant based on the results of the paired-samples t-test (p\<0.003) and also the mean of glycated hemoglobin of participants before and after the educational intervention was statistically significant (p\<0.027) ([Table 2](#t2-epj-09-4207){ref-type="table"}). In the present study, the mean number of units of fruit intake per day, before and after the educational intervention was 1.37±0.05 and 1.38±0.05 respectively and it was not statistically significant, though the mean number of days of fruit intake per week, before and after the educational intervention among the participants was statistically significant (p\<0.001). Also, the mean number of units of vegetable intake per day, before and after the educational intervention was 1.07±0.07 and 1.06 ±0.25 respectively and it was not statistically significant based on the results of the paired-samples t-test though the mean number of units of vegetable intake per week, before and after educational intervention among the participants was statistically significant (p\<0.037). In this study, before the educational intervention, most of the participants (79%) reported that they consume liquid vegetable oil, and after the educational intervention most of the participants (89%) reported that they consume vegetable oil likewise. Before the educational intervention, among all participants, only one patient (1%) reported eating fish at least once a week, whereas after the educational intervention two patients (2%) reported eating fish once a week ([Table 3](#t3-epj-09-4207){ref-type="table"}, [4](#t4-epj-09-4207){ref-type="table"}). The mean number of days per week with intense physical activity in participants was 1 before the educational intervention and 1.5 after the educational intervention, and it was not significant based on the results of the paired-samples t-test. Moreover, the mean number of days per week with moderate physical activity in participants was 1.75 before the educational intervention and 2.73 after the educational intervention, and it was statistically significant (p\<0.03) ([Table 5](#t5-epj-09-4207){ref-type="table"}).

4. Discussion
=============

With regard to the importance of diet and having appropriate physical activity to control blood sugar, in this study we checked the nutritional status and physical activity status of type 2 diabetic patients and its impact on physical measurements (weight, waist circumference and body mass index) and laboratory parameters (fasting blood sugar and glycated hemoglobin). Based on the findings of this study, the mean daily units of fruit and vegetable intake, before the educational intervention was 1.37 and 1.07 respectively which is lower than the recommended units based on the food pyramid of the United States Department of Agriculture (USDA) ([@b19-epj-09-4207]). In the study carried out by Farvid and his colleagues, the mean number of units of fruit and vegetable intake amongst type 2 diabetic patients was 3.01 and 2.95 respectively ([@b20-epj-09-4207]), which is more than the findings of our study. Due to the importance of fruit and vegetable intake among diabetics, to control blood sugar level ([@b20-epj-09-4207]), this amount of daily fruit and vegetable intake (1.37 and 1.07), among the participants is not acceptable. Nutritional therapy such as regular and standard intake of fruit and vegetables is a necessary and inseparable part of the therapeutic program in a way that, based on the results of various studies, there was a reverse effect between the amount of fruit and vegetable intake and fasting blood sugar and glycated hemoglobin level ([@b21-epj-09-4207]). Also, more than two units of fruit and vegetable intake per day can reduce diabetes complications ([@b22-epj-09-4207]). The importance of fruit and vegetable intake on blood sugar control and on preventing diabetes complications has been proven through many studies ([@b21-epj-09-4207]--[@b24-epj-09-4207]), so by identifying factors affecting fruit and vegetable intake among diabetics, it is recommended to do various types of educational-supportive interventions, in order to increase the number of units of fruit and vegetable intake among these patients. Based on the results of this study, the mean number of units of daily fruit and vegetable intake in participants, before and after the educational intervention, was not statistically significant, hence, it can be said that the applied educational intervention has not been effective in increasing the number of units of daily fruit and vegetable intake amongst type 2 diabetic patients. To increase fruit and vegetable intake, individualized educational interventions are not enough to enhance the awareness and to change the attitude, so the supportive interventions such as reduction in food and vegetable price, to increase access to fresh fruits and vegetables should be done to cut existing obstacles such as high price of food and vegetables, economic and social situation and lack of time for f fruit and vegetable intake ([@b25-epj-09-4207]). Due to the importance of the daily intake of 2--4 units of fruit and 3--5 units of vegetable for type 2 diabetics ([@b20-epj-09-4207]) and with regard to the point that the effectiveness of educational interventions depends on the appropriate use of existing theories and patterns in health education and health promotion ([@b26-epj-09-4207]), it is recommended to design and apply varieties of theory-based educational-supportive interventions to enhance fruit and vegetable intake among these patients. According to the findings of the present study, the mean number of days of fruit intake per week, was 2.9 before the educational intervention and reached 3.95 after the educational intervention and it was statistically significant, and the mean number of days of vegetable intake was 1.91 and reached 2.22 after the educational intervention and it was statistically significant as well. These results reveal that the applied educational intervention has been effective to increase the number of days of food and vegetable intake per week among type 2 diabetic patients.

Many studies show the effectiveness of the educational interventions on improving the nutritional status of diabetic patients, such as the studies conducted by Kashfi and colleagues about the effect of educating about nutrition and jogging, on the blood sugar of type 2 diabetic patients of Nader Kazemi clinic in Shiraz ([@b17-epj-09-4207]), Heydari and colleagues about the efficacy of diet education on the performance of type 2 diabetic patients ([@b27-epj-09-4207]), Sharifirad and colleagues about the application of the health belief model on nutritional performance in diabetic patients ([@b28-epj-09-4207]), Gucciardi and colleagues on nutrition and blood sugar control in diabetic patients in Canada ([@b29-epj-09-4207]), and the study of group of researchers on 91 diabetic patients with mean age of 73 years in America. This group examined the role of educational interventions in diets and they stated that such interventions have been effective in improving food behaviors and blood sugar control of diabetic patients ([@b30-epj-09-4207]). Therefore, educating diabetic patients about the importance of proper nutrition during the courses and following it up after, can be effective in nutritional performance. So, according to the importance of having proper diet by type 2 diabetic patients, it is recommended to hold such educational courses in this field in health centers and other diabetic related organizations. It is crystal clear that holding such educational courses on a regular basis and by official organs of the country will have better results because of the availability of appropriate educational facilities and spaces as well as educated experts. Although as previously mentioned, individualized educational interventions, in order to increase awareness and to change the attitudes, would be inadequate, and supportive interventions to remove social, economic, environmental and cultural barriers along the educational interventions should be planned and applied ([@b25-epj-09-4207]--[@b32-epj-09-4207]). In this study, the mean number of fish intake per week in participants was not statistically significant before or after the educational intervention which shows that performed educational intervention has not been effective on the amount of fish intake by participants. It can be said that several factors are related to nutritional behavior, including income rate, occupation, level of education, economic and social factors, household, knowledge and attitude towards the importance of nutrition on health, personality characteristics, quality, taste, availability, easy cooking, nutritional value, price, smell, perceived barriers and perceived interests, the ability of food analysis and the skill of food choice ([@b33-epj-09-4207]--[@b37-epj-09-4207]). So, it is recommended to perform educational interventions including education on how to bake fish and how to omit the fishy smell, or to improve peoples' judgement when choosing high quality fish, etc. with the purpose of improving the amount of fish intake in order to have an impact on the above factors. The point to remember is that only increasing awareness about nutrition value and the benefits of fish intake on health is not enough. One of the most important factors influencing the amount of fish intake is monthly income ([@b38-epj-09-4207]--[@b39-epj-09-4207]). Considering the mean income of the participants in the present study (530 thousand Tomans per month), maybe participants can't afford to buy fish and also changing people's taste needs a longer time. According to the importance of fish intake by diabetics, it is recommended to health officials and policy makers to prepare facilities for diabetics to buy fish with economic prices. The mean consumption of vegetable oil increased after the educational intervention but it was not statistically significant. To justify this issue, it is clear that changing attitudes about the type of oil consumption would be difficult, and requires more than three months. Based on the findings of this study, the mean number of days per week with intense physical activity among participants before and after the educational intervention was not statistically significant but the mean number of days per week with moderate physical activity, after the educational intervention among participants was significantly increased. To justify this issue, since the mean age of the participants in this study was 56 years, age could be considered as the main reason for lack of increase in intense physical activity after the educational intervention, as well as other barriers like hypoglycemia, high weight, foot protection, etc. Whereas doing a moderate physical activity (like 10 minutes of fast walking, swimming, slow and recreational cycling), regarding age, diseases and physical conditions of patients would not be very difficult. In this study, fasting blood sugar of participants was significantly reduced after the educational intervention, so our intervention has been effective in reducing fasting blood sugar. Relatively comparable results were obtained from the study carried out by Kashfi and colleagues regarding the effect of educating about nutrition and jogging, on the blood sugar of type 2 diabetic patients of Nader Kazemi clinic in Shiraz ([@b17-epj-09-4207]). Many studies show the effectiveness of nutrition and physical activity interventions in reducing fasting blood sugar of diabetics which are similar to the results of our study ([@b39-epj-09-4207]--[@b40-epj-09-4207]). Three months after the educational intervention, the level of HbA~1c~ was significantly reduced in participants, and shows the effectiveness of nutrition and physical activity interventions in proper control of blood sugar that prevents many dangerous complications of diabetes. It is estimated that every 1% reduction in HbA~1c~, reduces 37% of the micro vascular complications and 21% of macro vascular complications of diabetes ([@b17-epj-09-4207]). The study done in Yazd diabetes center by Baghyani Moghadam shows that the mean level of HbA~1c~ of 84.9 before the educational intervention, reached 7.28 after the educational intervention. This significant reduction in the level of HbA~1c~ has been due to the long duration of intervention (5 months) ([@b41-epj-09-4207]), so if our study took in a longer time (more than 3 months), we would be able to meet the same result. Other studies of educational interventions also represent the effectiveness of nutrition and physical activity intervention in reducing HbA~1c~ in diabetic patients which are similar with the results of our study ([@b39-epj-09-4207]--[@b40-epj-09-4207]). With regard to the importance of these two laboratory parameters (fasting blood sugar and HbA~1c~), reduction in these parameters indicates the effectiveness of the educational interventions in controlling diabetes, and it would be a motivation to design and implement next educational interventions. In this study, there was no significant difference in the mean weight, waist circumference and the body mass index of participants before and after the educational intervention. So, it appears from results that the reduction in weight, waist circumference and body mass index of participants by using nutrition and physical activity interventions requires more than three months. Changing behavior patterns requires a great transformation which means that along with changing values, attitudes, and behavior of individuals, the support of senior managers should be considered. Therefore, it is suggested to pay attention to the supportive role of senior managers in order to promote the culture of a diabetic's lifestyle and to establish the basic foundations of this culture in health organizations and the community.

5. Study limitation
===================

The absence of a control group to compare the results of this study was one of our study limitations. Moreover, this study was not designed on the basis of existing models in health education. Therefore, the implementation of supportive-educational interventions based on the health education models, including the health belief model, the theory of planned behavior etc. along with a control group, in order to make better and more effective results in the field of improving nutrition and physical activity of diabetic patients is recommended. Diabetic patients need to receive educational-supportive interventions to successfully control their blood sugar levels and disease complications to improve their knowledge and nutritional performance and physical activity.

5. Conclusions
==============

The study results are acceptable in reducing the level of fasting blood sugar and HbA~1c~ of participants after the educational intervention in comparison with the results before the educational intervention and it shows the impact of educational intervention on type 2 diabetic patients, so proper education in the field of diet and proper physical activity and an increase in the performance score of the individuals in mentioned fields can control the blood sugar in diabetic patients. In addition, control, monitoring and educational follow-up for such programs is recommended. The results of this research can be used as a basis for future researches like the design and evaluation of educational-supportive interventions based on health education models including the health belief model, the theory of planned behavior, the social cognitive theory, the ecology, etc. along with the control group.
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###### 

Absolute and relative frequency distribution of demographic characteristics of patients

  Demographic variable   n                 \%    
  ---------------------- ----------------- ----- ----
  Sex                    Male              33    33
  Female                 67                67    
  Total                  100               100   
  Occupations status     Self-employment   7     7
  Housekeeper            64                64    
  Retired                23                23    
  unemployed             1                 1     
  Other occupations      4                 4     

###### 

The mean and standard deviation of physical measurements and laboratory parameters of participants (before and 3 months after the educational intervention)

  Variable                                                 Before intervention   3 months after intervention   p-value           
  -------------------------------------------------------- --------------------- ----------------------------- --------- ------- -------
  Weight (kg)                                              74                    1.27                          73.35     1.20    0.95
  Waist circumference (cm)                                 96.16                 9.18                          95.68     8.71    0.09
  BMI[1](#tfn1-epj-09-4207){ref-type="table-fn"} (kg/m)    28.82                 4.43                          28.57     4.19    0.68
  FBS[2](#tfn2-epj-09-4207){ref-type="table-fn"} (mg/dl)   169.26                59.21                         146.96    46.02   0.003
  HbA~1c~[3](#tfn3-epj-09-4207){ref-type="table-fn"} (%)   8.34                  1.70                          7.33      1.45    0.027

Body Mass Index;

Fasting Blood Sugar;

Glycated Hemoglobin

###### 

Nutritional status of the participants (before and 3 months after the educational intervention)

  Variable                                 Before intervention   3 months after intervention   p-value          
  ---------------------------------------- --------------------- ----------------------------- --------- ------ -------
  Units of fruit intake per day (n)        1.37                  0.05                          1.38      0.05   0.97
  Units of fruit intake per week (n)       2.9                   1.12                          3.95      1      0.001
  Units of vegetable intake per day (n)    1.07                  0.07                          1.06      0.25   0.28
  Units of vegetable intake per week (n)   1.91                  1.08                          2.22      0.92   0.037

###### 

Nutritional status of the participants (before and 3 months after the educational intervention)

  Variable                                     Before intervention   3 months after intervention   p-value            
  -------------------------------------------- --------------------- ----------------------------- --------- ---- --- ------
  Type of oil consumption                      Solid vegetable oil   11                            11        6    6   0.34
  Liquid vegetable oil                         79                    79                            89        89       
  Other                                        10                    10                            55                 
  The number of days of fish intake per week   At least once         1                             1         2    2   0.56
  Not knowing or not eating                    99                    99                            98        98       

###### 

Physical activity status of the participants (before and 3 months after the educational intervention)

  Variable                                                         Before intervention   3 months after intervention   p-value          
  ---------------------------------------------------------------- --------------------- ----------------------------- --------- ------ ------
  The number of days of the week with intense physical activity    1                     0                             1.50      0.70   0.27
  The number of days of the week with moderate physical activity   1.75                  0.75                          2.73      0.76   0.03
